ABSTRACT
INTRODUCTION

36
Gut bacteria are a key part of both terrestrial and aquatic animal life. However, these contrasting 37 host-associated environments are fundamentally different with respect to dispersal and survival 38 of microorganisms (1). We are starting to understand the dispersal and importance of gut 39 bacteria in terrestrial environments (2), while our knowledge about gut bacteria in aquatic 40 environments is still very limited. In particular, little is known about the effect of environmental 41 factors such as water salinity on the inter-individual distribution of gut bacteria (3, 4).
42
For anadromous fish, fresh-to saltwater migration both represents a major shift in on the skin mucosal microbiota for the anadromous Atlantic salmon (Salmon salar) (6).
47
However, current studies on the gut microbiota of farmed Atlantic salmon have not yet 48 addressed the impact of this transition (7) (8) (9) (10) (11) (12) (13) (14) , and how the environmental exposure and/or 49 nutrient availability affects the composition, and inter-individual distribution of the gut 50 microbiota.
51
Accordingly, the aim of our work was to investigate the effect of fresh-to saltwater transition 52 under two contrasting diets that have a freshwater-type lipid composition low in LC-PUFA, and 53 a high LC-PUFA marine-like lipid composition. In order to explore the microbiota we used a 54 combination of quantitative PCR and 16S rRNA gene deep sequencing.
55
We present results showing a distinct shift in overall microbiota potentially associated with the 56 fresh-to saltwater transition, while there were four co-occurring core bacterial with wide 57 geographic dispersal exerting stability across this transition. 
RESULTS
60
Characterization of microbiota composition and distribution. By deep sequencing we 61 obtained a total number 13 752 775 of paired-end merged 16S rRNA gene sequences passing 62 the quality filter. For these we identified a total of 1179 prokaryote OTUs belonging to 20 phyla, 63 with 5 phyla constituting > 90% of the microbiota.
64
The overall microbiota composition differed clearly between fresh and salt water type, as seen 65 in Figure 2 A and B, and from the ANOVA, where this effect was very clear (p < 10 -10 ). There
66
were 413 OTU's that were significantly affected by the fresh-to salt water transition (p<0.05,
67
BH FDR corrected), for which a majority (76.5%) showed decrease in salt water. The frequency
68
of OTUs with high relative quantity, on the other hand, increased in salt water (Suppl. Fig. 1 ).
69
The main taxonomic shift from fresh to salt water was a decrease in both Actinobacteria 
86
There was a more even distribution of rarefaction curves for salt water, as compared to fresh 87 water samples, with more high abundant OTUs in salt water (Suppl. Fig. 1 ). Water type also 88 showed significant differences in alpha diversity, where salt water showed higher index levels 89 than fresh water ( Fig. 4A and B)., while beta diversity showed higher levels in fresh water 90 compared to salt water (Fig. 4C) . Using quantitative PCR, we also identified a major (> 100-91 fold) increase in the ratio of bacterial DNA to eukaryote DNA from fresh-to saltwater 92 transition, as determined from SSU gene copies (Fig. 4D ).
5
Amplicon sequencing of eukaryote SSU from fresh water revealed that > 95% of the eukaryote 94 sequences belong to salmon. By gel electrophoresis we found DNA with a size distribution with 95 bands about 180 bp apart, resembling DNA from apoptotic cells (Suppl. Fig. 3 ).
96
Diets (vegetable versus marine-oil based feed) and feed switch did not significantly affect the 97 microbiota composition, neither in the fresh-nor the saltwater phase. ANOVA showed no 98 significant main effects for any of the feeding regimes on the overall microbiota composition.
99
Furthermore, diet did not show any effect on alpha diversity ( Fig. 4 A and B), while there was 100 a slight but significant effect on beta diversity for marine oil in fresh water (Fig. 4C ).
101
Overlap in microbiota across fresh and salt water. For the overall overlap in OTUs we found 102 that 818 OTUs (69%) were shared across fresh and salt water. However, the number of unique
103
OTUs were higher for fresh water than for salt water with 245 (21%) vs 117 (10%),
104
respectively. Of the OTUs shared across fresh and salt water, a subset of 408 OTUs (34%)
105
were also shared with a Scottish freshwater dataset consisting of commercial and aquarium 106 breed parr kept under different feeding regimes (7). Furthermore, 38 (3.2%) of the Scottish
107
OTUs were uniquely shared with the freshwater dataset and 14 (1.2%) with salt water.
108
Overall, the abundant OTUs (> 1% within an individual) were more prevalent in salt water than 109 in fresh water (Fig. 5 ). There were four bacterial core OTUs (OTU1, OTU2, OTU6 and OTU10) 110 affiliated with the Firmicutes that were abundant in more than 90% of the fishes in both fresh 111 and salt water. All the core OTUs showed positive relative quantitative co-occurrence across 112 fishes in both fresh and salt water ( Fig. 6A and B) , in addition to a general increase in relative 113 quantity from fresh to salt water (Fig. 6B ). All the core OTUs also showed close matches (>
114
97% identity) to OTUs from the Scottish dataset (Suppl. water. A recent study showed an apparent opposite diversity pattern for the salmon skin 124 microbiota, with higher alpha diversity in fresh water than salt water (6). For the skin 125 microbiota, the diversity difference is explained by the fresh water microbiota being more 126 mature than the salt water microbiota (6). A potential explanation for the salt water maturity 127 difference between skin and gut microbiota could be that the gut microbiota is more protected 128 towards the direct contact with the saltwater than the skin microbiota, which allows continued 129 maturation through the fresh to salt water transition.
130
Since LC-PUFA is required in high relatively quantity in fresh water (5), the low density 131 immature fresh water microbiota would most likely not be sufficient to support the LC-PUFA 132 requirement. We therefore find it unlikely that the gut microbiota play an important role in 133 alleviating limitations in LC-PUFA in freshwater ecosystems.
134
We found a dominance of Firmicutes at both the parr and post smolt stage, while wild salmon 
MATERIALS AND METHODS
159
Fish maintenance and sampling procedure. Fish were sampled from two replicate fish tanks 160 where they were fed vegetable oil (VO) or marine oil (MA) based feeds (total 4 tanks). VO with 300 base pairs paired-end reads.
210
The resulting amplicon reads were processed (de-multiplexing, primer removal, merging, 211 filtering, de-replicating, OTU-clustering and filtering of chimeras) using a standard procedure 212 associated with the USEARCH 9.0 software (23), with taxonomic assignments using the RDP Where q is a pseudo-count added to all read-counts, required below. We used q=1 in this 
233
Based on the matrix X we used Principal Component Analysis to get an overview of the 234 variations in taxonomic profiles. More specifically, the PCA-scores of the first components 
